The knowledge of the arrangements of dispersion of insect pests in soybean cultivars is needed to improve the monitoring and control. The objective of this study was to evaluate the spatial distribution of adults and nymphs of Euschistus heros in Bt and non-Bt soybean into two regions, under field conditions. The experimental area located in Dourados and Douradina, Mato Grosso do Sul. For the evaluations we used the method of cloth-to-beat, where we collected one sample per plot randomly from each experimental area. Evaluations were performed at 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98 days after emergence (DAE). For data analysis, the rates of dispersion (variance/average Morisita index and exponent k  Negative Binomial Distribution) and theoretical frequency distributions (Poisson, Binomial and Negative Binomial Positive) were estimated at 1-5 % probability. Adults of E. heros are arranged differently for Bt and non-Bt soybean and between regions, since in both cultivars and locations, individuals of the populations evaluated in probabilistic set arrangements negative binomial distribution (aggregate), Poisson (random) and positive binomial distribution (uniform), as the days after soybean emergence. The nymphs of E. heros showed aggregated spatial arrangement, being distributed similarly for Bt and non-Bt soybean and regions, setting a negative binomial distribution model.
Introduction
Soybean [Glycine max (L.) Merrill] is the crop with the largest acreage in the world with high yield potential (Fonseca et al., 2013b; Yokomizo et al., 2013) . The crop is attacked by different insect-pests from sowing till harvest, among which, Euschistus heros (Fabricius, 1794) (Hemiptera: Pentatomidae) being the most abundant and prevalent in agricultural areas in Brazil (Corrêa-Ferreira & Panizzi, 1999; Panizzi et al., 2012; Krinski et al., 2013) . Bedbugs occur in soybean at all stages and are harmful from the beginning of pod formation until grain maturity (Zambiazzi et al., 2012) . They reach the seeds through the insertion of the mouthparts in vegetables, making them shriveled and wrinkled, affecting consequently the yield and quality of grain (Panizzi & Slansky Junior, 1985) . Therefore, soybean yield is defined by the interaction between the plant and the environment and the management of the insect pests (Pereira et al., 2011) , thus high yields are only obtained when such conditions are favorable, at all stages of growth culture.
The management of E. heros in soybean should include the adoption of control measures based on population levels of species monitored by periodic sampling. The first step in designing a sampling plan is the knowledge of the spatial distribution of the species of interest, to establish appropriate criteria on population (Barbosa, 2003) . Thus, knowledge of a fast and efficient way of pest sampling, especially on large areas of cultivation, is essential that the Integrated Pest Management (IPM) is satisfactorily used (Fernandes et al., 2003) .
Despite the benefits obtained from the Bt cultivar, it is not known exactly how transgenic plants affect the populations of organisms in an agroecosystem (Rodrigues et al., 2010) . Understanding the behavior of distribution of non-target pests in transgenic plants makes it necessary to know the shape of the spatial arrangement of this insect in this new technology to determine whether or not to change some characteristics of the sample such as the sample size and sampling units.
There is demand for research with the goal of evaluating the spatial arrangement of E. heros in Bt and non-Bt soybean; moreover, there is still lack of scientific information about the behaviour of this pest in different localities. In this context, this study aimed to evaluate the spatial distribution of adults and nymphs of E. heros in Bt and non-Bt soybean in two regions under field conditions.
Material and Methods
The experiment was conducted under field conditions in two experimental areas located at Rincão Porã Farm, the geographic coordinates 22°14'25'' S, 54º42'60.7'' W and altitude of 403 m above mean sea level in the town of Dourados and Boa Sorte Farm in the geographical coordinates 22º01'07'' S, 54º32'15'' W and altitude of 310 m above mean sea level in the municipality of Douradina during harvest season, 2011/12. The soil of the area is classified as Typic Distroferric (RH) of loamy soil. The climate, according to Köppen's humid mesothermal, Cwa type, with annual average temperatures and precipitation ranging from 20 ºC to 24 ºC and 1.250 mm to 1.500 mm, respectively (Fietz & Fisch, 2006) . For management of two experimental areas with soybean, we used the no-tillage system, and corn (Zea mays L.) as preceding crop. The area of this experiment was dried with glyphosate combined with mineral oil (2.0 l.ha -1 + 0.5 l.ha -1 , respectively).
The seeds used were Bt soybean AL 6910 Intact RR2 PRO ™ and non-Bt RR BMX Potencia ® , constituting the two treatments in two different locations. The crop was sown on October 22, 2011 and October 29, 2011 at Farm Rincão Porã and Farm Boa Sorte, respectively, with a density of 15 seeds per meter, thus maintaining a plant population of approximately 300.000 plants ha -1 . The row spacing was 0.50 meters. For fertilizer application in both cultivars, 300 kg ha -1 of NPK formulation (2:18:18) were used. We carried out the weed and disease control with application of herbicides and fungicides. No insecticides were carried out in the areas studied.
The spatial distribution of adults and nymphs of the stink E. heros was evaluated in two regions (Dourados and Douradina) in two fields each containing of 100 plots in each area, each plot consisted of 11 rows with 5 m long, totaling (27.5 m 2 ) with Bt and non-Bt soybean constituting two treatments. Sampling methodology used was the method of cloth-to-beat, consisting of two sticks of wood connected with a white cloth, with a length of 1 m and width of 1.4 m. For the samples, one end of cloth was placed between the rows of soybeans, being adjusted to the base of a row of plants and other plants extended over the adjacent row. The plants of a row (0.50 m 2 ) were shaken vigorously in order to bring down the pest insects on the cloth (Sturmer et al., 2012) . Samples were taken at 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91 , 98 days after emergence (DAE) in Bt and non-Bt soybean.
For data analysis, the mean and variance of the number of adults and nymphs of E. heros per plot were obtained at each sampling date, using the relationship between those values as an indicator of the spatial distribution (Elliott, 1979) . The dispersion indexes, as described below, were calculated using the Excel program.
Variance/mean ratio: ratio between the variance and mean (I = s 2 /m), used to measure the deviation of a random arrangement of conditions, where values equal to unity indicates random spatial distribution, values smaller than unity uniform distribution and values greater than the aggregate distribution unit (Rabinovich, 1980) . The departure from randomness can be tested using the chi-square test with n-1 degrees of freedom, χ2 = (n-1) s 2 /m (Elliott, 1979 ).
Morisita index: the index of Morisita (I δ ) is relatively independent of the medium and the number of samples. So when I δ = 1 the distribution is random, when I δ >1 the distribution is contagious type of I δ and when<1 indicates a regular distribution (Morisita, 1962 (Pielou, 1977; Southwood, 1978; Elliot, 1979) . On this point, Poole (1974) uses another interpretation for it when 0<k<8, the index indicates a clustered distribution, and when 0>k>8 points to random distribution.
Theoretical frequency distribution: used to evaluate the spatial distribution of the observed species. As presented below, according to L. J. Young and J. H. Young (1998) . Poisson distribution: also known as random distribution, characterized by having variance equal to the mean (m = s 2 ).
Positive Binomial Distribution: describes the uniform distribution and has less than average (s 2 <m) variance.
Negative binomial distribution: has higher than average variance, thus indicating clumped distribution, and has two parameters: the mean (m) and the parameter k (k> 0).
Chi-square test of grip: for checking the fit of the data collected in the field to the theoretical frequency distribution test, we used the chi-square test that compares the total grip of the observed frequencies in the sampled area, with frequencies expected according to L. J. Young and J. H. Young (1998) ; those frequencies being defined by the product of the probabilities of each class and the total number of sampling units used. To conduct those tests, we chose to fix a minimum expected frequency equal to unity. Statistical analysis was performed using chi-square test at 1 and 5% probability test.
Results and Discussion
The presence of adults of E. heros on soybean plants in Dourados were detected at 35 days after emergence (DAE) in soybean, Bt and non-Bt in Dourados and Douradina ( Figure 1A and 1B). The presence of the stink bug in the vegetative phase is due to the fact that often these bugs initiate colonization of crops at the end of the growing season and early flowering. At that time, the bugs come out of diapause or alternative hosts and migrate to soybean, progressively increasing their populations during the breeding phase (Corrêa-Ferreira, 2005) . In 14 samples, a total of 3856 insects were found, with 51.47% to 48.52% cultivating Bt and non-Bt in Dourados for a total of 3181 insects, being 51.30% for the Bt cultivar and 48.69 % in the non-Bt in Douradina ( Figure 1A and 1B). The peak population of adults was observed at 77 DAE (January) in Bt and non-Bt soybean, in Dourados and Douradina, respectively ( Figure 1A and 1B).
The presence of nymphs of E. heros was observed in Bt and non-Bt soybean from the fifth sample, 35 DAE in both regions ( Figure 1C and 1D) . The largest numbers of nymphs of E. heros were found in Bt soybeans, which represented 51.92% of total plots sampled in Dourados, and 53.76% in Douradina ( Figure 1C and 1D) . The results observed in the present study corroborate studies by Thomazoni et al. (2010) , Dutra et al. (2012b) which showed that Bt technology had greater abundance of this insect.
The highest population density of adults and nymphs of E. heros found in Bt soybean was due probably to the reduction of inter-specific competition between the various populations that made up the community of arthropods culture, it was caused probably due to reduced caterpillar population as the major defoliating caterpillars culture as velvetbean caterpillar Anticarsia gemmatalis (Hübner, 1818), false-medideira caterpillar Chrysodeixis includens (Walker, 1857), Rachiplusia nu (Guenée, 1852) and drill underarm Crocidosema aporema (Walsingham, 1914) , those species targeted by toxin Cry1Ac and therefore were not found in this cultivation because of the resistance offered by such transgenic plants to those Lepidoptera insects (Bernardi et al., 2012) .
No preference of adults and nymphs of E. heros was observed in relation cultivars versus regions for Bt and non-Bt soybean. The similar behavior in the two regions is due to the fact of using the same system of agricultural cultivation in recent years. According to Smaniotto and Panizzi (2013) adopted different cultivation practices, especially tillage and sowing in the second season, which resulted in significant changes in the dynamics of agricultural pests, thus the similarities of the study areas resulted in the same behaviour of E. heros in both regions.
Compared to the aggregation of adults of E. heros, the variance/mean (I) calculated in cultivating Bt presented nine surveys in Dourados and four in Douradina, with statistically higher values indicating that the unit aggregation, and had two samplings in the Bt soybean, with values ranging unit indicating uniformity (Table 1) .
In Dourados for adults of E. heros soy non-Bt index I had seven samples with statistically higher values than unity (aggregate score). In Douradina index I had four samples with statistically higher values than unity (aggregate score) and two values equal to unity indicating uniform (Table 1 ) theoretical distribution. Pereira et al. (2004) studied the population of pests in legumes and found regular or uniform distribution of individuals in the population sampled.
In summary, the results of Morisita index (I δ ) for the treatment Bt, E. heros adults, showed that the largest unit of a total of ten values, eight samples in Dourados and five in Douradina representing an aggregate score. Analyzing the test Morista (I δ ) index to the non-Bt soybean in Dourados was observed ten samples, seven values were greater than unity (aggregate score); soybeans in Dourados not Bt, and observed in Douradina ten samples, four values were greater than unity and equal to the sampling unit, ie indicated uniformity (Table 1) .
Analyzing the exponent K  for Bt soybeans in Dourados, found the ten samples, eight showed aggregate provision for adults of E. heros, because the values were variable from 1.961 to 5.091, and two samples indicated random arrangement with values 10.822 and 33.000. In Douradina was found for K, soy Bt four samples which showed aggregated arrangement of four uniform random and two (Table 1) .
It was found for adults of E. heros in non-Bt soybeans in Dourados with ten samples in the field, eight of them indicated aggregate provision for adults, and two showed random distribution. In Douradina we observed five available samples showed aggregated two random three uniform dispersion of the index K (Table 1) .
Based on the dispersion index K, it can be stated with certainty that the spatial distribution of E. heros is aggregated, corroborating the results obtained by Bueno et al. (2008) and Souza et al. (2011) in soybean with studies of spatial distribution of the small green stink (Fonseca et al., 2013a) in cotton with studies of spatial distribution of bedbug Piezodorus guildine. Vol. 6, No. 6; In summary, the results of Morisita index (I δ ) for the treatment Bt nymphs of E. heros was arranged in aggregate in nine samples in Dourados and Douradina in seven samples, a total of ten. Analyzing the test Morista (I δ ) index for the non-Bt crop in Dourados, observed ten samples, nine of which had values greater than unity (aggregation); Douradina in, there was the ten samples, seven, was mixed added (Table 2 ). In this context according to Ricklefs (2003) the spatial arrangement of populations of insects such a standard that can be random uniform and aggregated basis.
Analyzing the exponent K for nymphs on soybean Bt found in both regions of the ten samples, all indicated aggregate provision. It was found in soybean fields in both non-Bt ten samples in the field, most of them showed aggregated to the nymphs, and a sample arrangement shown in Douradina randomized, (49 DAE) the dispersion index K (Table 2) . These results agree with Maruyama et al. (2002) , mentioning the fact that the provision of insects in general tends to aggregate in the field normally. Fonseca et al. (2013c) studied the distribution of pests and conducted theoretical frequency distributions for insect pests in eight to 12 samples in field.
The values of adults of E. heros to Bt and non-Bt soybean in Dourados and Douradina indicate that the data fitted to theoretical models of the Poisson distribution (random arrangement) negative binomial (aggregate score) and positive binomial (uniform set) in the samples (Table 3) .
According to Degrande (1998) , Fonseca et al. (2013a) insect begin the dispersion later in the areas of soybeans and over time the distribution becomes widespread throughout the field. Table 3 . Chi-square test of adherence by the expected Poisson distributions, negative binomial (Bn) positive binomial (Bp), spatial arrangement for Euschistus heros in Bt and non-Bt soybean [Glicine max (L)] frequencies in the days after emergence in Dourados and Douradina, Mato Grosso do Sul, Brazil , 2012 **Not significant at 1% and * significant at 5%probability. DAE= days after (plant) emergence. ns Not significant at 1% and 5% probability.
i Class insufficiently.
NP not present. Vol. 6, No. 6; Tests of theoretical frequency distributions for nymphs of E. heros presented in ten samples, sufficient numbers of classes to perform the adjustment test for Bt soybean in Dourados and Douradina. The values of the nymphs of E. heros for Bt cultivar in Dourados and Douradina indicate that the data fitted to theoretical models of the negative binomial distribution (aggregate score) in samples taken (Table 4 ). The dispersion is probably induced by changes in food availability around the nymphs and competition for food (Panizzi, 1991; Panizi & Oliveira, 1998) .
Brown stink bug nymphs disperse the site of oviposition, however can cover only relatively small distances. For example, small nymphs of the green stink bug, Piezodorus guildinii move up to 12 m from the starting point during its development in soybean fields. Importantly, the nymphs move more in the longitudinal direction than in the transverse direction of the rows of soybean (Panizzi et al., 1980; Cividanes & Parra, 1994) .
The use of multiple indices of dispersion to calculate the spatial distribution of a pest is an important recommendation (Barbosa, 2003) , as a single index does not provide all the attributes considered ideal from statistical point of view, while the use of more than one index can provide greater certainty to conclusions (Martins et al., 2012) . Vol. 6, No. 6; Adults of E. heros are arranged differently between soybean cultivars and between regions, since in both cultivars and locations, individuals of the populations studied showed different patterns of spatial distribution as a function of days after emergence. However, with respect to the spatial arrangement of the nymphs of E. heros, it was found that the location of Bt soybean cultivation and did not influence the distribution, because when analyzing the results obtained from the theoretical frequency distributions, represented by aggregate in both cultivars and in both regions disposal. This result corroborates with the study of Souza et al. (2013) corroborates this work, in which they reported that nymphs of E. heros of the first to third instars clumped spatial distribution.
The absence of caterpillars target of Bt soybean seems to have favored the growth of populations of adults and nymphs of E. heros in cultivating Bt. Thus, it is suggested that future studies seek to develop sequential samples of this pest in soybean in both the Bt crop cultivation and non-Bt, aiming to define the exact number of sample units to be used.
The precise number of sample units for the sampling process of these insects is extremely important since those species are the direct cause considerable crop losses. Thus the application of insecticides should be performed only in locations where the presence of insect pests and taking into account the principles of integrated pest management and arrangement of spatial distribution. This will result in a more efficient management, with less environmental impact.
Conclusion
Adults of E. heros are arranged differently for Bt and non-Bt soybean and between regions, since in both cultivars and locations, individuals of the populations evaluated in probabilistic set arrangements negative binomial distribution (aggregate), Poisson (random), and positive binomial distribution (uniform), as the days after soybean emergence.
The nymphs of E. heros showed aggregated spatial arrangement, being distributed similarly for Bt and non-Bt soybean and regions, setting a negative binomial distribution model.
